A new non-porous carbon material from granular olive stones has been prepared to be used as a reference material for the characterization of the pore structure analysis of activated carbons. The high precision adsorption isotherms of nitrogen at 77.4 K and argon at 87.3 K on the newly developed sample have been measured, providing the standard data for a more accurate comparative analysis to characterize disordered porous carbons using comparative methods such as t-and α S-methods.
Introduction
Activated carbon constitutes one of the most important types of industrial carbon. The structure is associated with a disordered arrangement of defective graphitic layers in the form of twisted lamellae, thus leaving a distorted slit-shaped void network of pores and/or cavities in the range of micropores (lesss than 2.0 nm), mesopores (between 2 and 50 nm) and macropores (higher than 50 nm). The advanced sustainable technology has requested for a better porous carbon of which pore structure is well controlled and known. Therefore, we need an efficient and convenient pore characterization analysis for porous carbons. One of the most important methods for the characterization of the porous structure on porous carbons is vapour adsorption at cryogenic temperatures and, among the different probe molecules, N 2 is the most widely used. Once the adsorption isotherm has been obtained, N 2 adsorption data can be used to evaluate the surface area, pore volume and pore size distribution, after application of the corresponding analysis [1] [2] [3] . One of the most widely used analysis for determination of the micropore volume is the one proposed by Dubinin-Radushkevich [4] . Unfortunately, the application of the Dubinin-Radushkevich plot analysis to the nitrogen adsorption data gives rise to several types of deviations from the linearity, which makes sometimes the determination of the micropore volume difficult [5] . Other popular empirical methods for micropore volume determination are the t-plot and the α s -plot. These two methods are based on the comparison of the adsorption isotherm for a given porous carbon with that of a standard non-porous solid (reference sample). These comparative methods allow evaluating, not only of the micropore volume, but also the surface area, the external surface area and information about mesoporosity [6] [7] [8] [9] [10] . In the micropore analysis, the α s -plot method originally introduced by Sing et al. has been recommended for nanoporous carbons due to absence of the layering adsorption on the defective pore walls [7, 8] . When using the t-plot and α-plot for the textural analysis, it is mandatory to select a non-porous reference material with a similar structure and properties (chemical nature and BET´s C constant) to the test material. Another critical point concerns the availability of highresolution adsorption values for the reference and the test material. In this sense, the presence of high-resolution values allows to extend the comparative analysis to the low α s region where a markedly enhanced adsorption due to the overlapped molecule-wall interactions can be clearly observed. The α s plot below α s = 1 gives essential information on adsorption process in micropores. Setoyama et al. described the presence of two different types of deviations below α s = 1, a first one called "filling swing" attributed to the enhanced surface-molecule interactions in narrow micropores (w < 1.0 nm) and a second upward deviation called "condensation swing" attributed to presence of larger micropores (w > 1.0 nm) [9] .
A few standard isotherms can be found in the literature for graphitized and nongraphitized carbon black as a reference non-microporous carbon [9] [10] [11] [12] [13] . However, the structure and the chemical nature of carbon black differ considerably from that of the activated carbons under analysis. For instance, graphitized carbon black has a polycrystalline three-dimensional graphite structure in which the basal planes are oriented parallel to the surface of the carbon black particles, so that N 2 and Ar adsorption often gives stepped isotherms at around the second adsorbed monolayer [13, 14] .
On the contrary, activated carbon consists of nanoscale defective graphitic layers and the three-dimensional structure of activated carbon is highly disordered. For this reason, our group has suggested since 1987 the use of a reference carbon obtained from olive stones as a better choice for the comparative analysis of activated carbon [14] . The reference carbon was obtained from an activated carbon originated from olive stones after the application of a high temperature treatment under an Ar atmosphere, thus avoiding the uncertainties associated with the nature of the reference in respect to the test carbon.
Unfortunately, the standard N 2 adsorption isotherm reported in 1987 is not enough for a high resolution comparative plot analysis due to the instrumental limitation at that time.
In addition, there is a renovated demand for the use of Ar adsorption at 87.3 K for a more accurate characterization of activated carbon [3] . This is because the absence of a quadrupole moment in the Ar molecule together with the higher boiling temperature in respect to N 2 (87.3 K vs. 77.4 K); thus, characterization with Ar adsorption would be superior to that of N 2 adsorption on nanoporous carbons having small micropores and surface functional groups. Furthermore, measurements of Ar adsorption at 87.3 K has become more popular due to considerable progress in the measuring instruments.
Although some reference data for Ar are available, they also correspond to non-porous carbon blacks [13] .
Consequently, the aim of this article is to synthesize a new non-porous reference carbon following the old recipe described by our group in 1987, extending the analysis of the reference carbon to the low α s -region by using high resolution adsorption isotherms.
This article describes the detailed standard adsorption data of the non-porous carbon for N 2 at 77.4 K and Ar at 87.3 K.
Experimental Section
The char was prepared by carbonization of granular olive stones at 1123 K in an N 2 atmosphere for 2h. In a second step, the so obtained char was submitted to a CO 2 treatment at 1098 K in order to develop the microporosity. Afterwards, the CO 2 -treated sample was heated to 2273 K in an Ar atmosphere for 2.5h in order to obtain a nonporous carbon. The final reference material, LMA10, is obtained after crushing the carbon heat-treated at 2273 K to a particle size lower than 300 µm. High-resolution N 2 (77.4 K) and Ar (87.3 K) adsorption data where obtained in a home-made fully automated manometric equipment designed and constructed by the Advanced Materials Group (LMA), now commercialized as N 2 Gsorb-6 [15] . Samples were outgassed at 523 K for 4h before the adsorption measurement.
Results and discussion
N 2 at 77.4 K and Ar at 87.3 K reduced isotherms (i.e., n/n m -where n m is the monolayer capacity from which the BET surface area is determined-against P/P 0 ) for the new reference carbon LMA10 are shown in Figures 1 and 2 , respectively. The isotherms were carefully repeated three times, the differences in the amount adsorbed being below Tables 1 and 2 list the standard high-resolution adsorption data in the reduced form to facilitate their application to the t-plot and α-plot construction. As described above, our group synthesized in 1987 a reference material (carbon A)
starting from an activated carbon and using a recipe very similar to the one described in this article. To validate the new synthesis, Figure 3 shows the comparison between the old adsorption isotherm on carbon A, obtained using conventional low-precision manometric equipments, and the new adsorption isotherm on carbon LMA10 using a newly developed high-resolution automated equipment. As it can be observed, both isotherms are coincident in the P/P 0 range of 5·10 -3 to 0.8, thus confirming the validity of the old reference carbon [14] . Deviations at high relative pressures must be attributed to the different precision of employed instruments. Additionally, Figure 3 shows the comparison between the reference carbon LMA10 and the reference carbon black 32B
proposed by Setoyama et al. [9] . Once again, both samples are coincident over the lowmedium relative pressure range up to high relative pressures where an upward deviation, due to the different nature and texture of the carbon black, can be observed.
Additionally, a smooth step at P/P 0 ~ 0.3 can be envisaged on the reference carbon black 32B due to the formation of the second adsorbed monolayer on small graphite micro-domains, this deviation being absent in the reference LMA10 carbon.
Interestingly, these deviations dissapear when comparing the N 2 adsorption isotherms for reference carbon LMA10 and the non-graphitized carbon black BP280, reported by Kruk et al. [12] . As it can be observed in Figure 4 , both isotherms perfectly overlap over the whole relative pressure range, despite the different nature of the reference carbons.
Despite these similarities and in order to avoid uncertainty usage of LMA10 is highly recommended for the comparison plot when dealing with ordinary activated carbon. A similar conclusion can be achieved after the comparison of the Ar adsorption data in the new reference carbon LMA10 and the reference carbon black 32B. As it can be observed in Figure 5 , both reference samples are coincident over the whole relative pressure range from P/P 0 ~ 10 -6 to P/P 0 ~ 0.8-0.9, deviations taking place at high relative pressures. The upward deviation together with the presence of a knee at relative pressure ~ 1 for carbon black 32B suggests the presence of some mesoporosity due to a partial aggregation, which are absent in the new reference carbon LMA10. graphitized and non-graphitized carbon blacks (see Figure 6 ) [13] . As expected, the Ar adsorption isotherm in graphitized carbon black exhibits important deviations already at low relative pressures (ca. 5 x 10 -3 ) attributed to the formation of the first adsorbed layer due to the relatively high degree of graphite cristallinity in sample Carbopack F. On the contrary, the isotherms for samples LMA10 and non-graphitized carbon black BP280 are rather smooth due to the strong surface heterogeneity. However, a closer look to these two isotherms reveal that contrary to nitrogen, argon exhibits some small deviations both at low and high relative pressures, which must be attributed to the different nature of the carbon samples. Since the similarity in structure of the test sample with the non-porous reference sample is essential when using comparative plots, the fact that olive stones yield non-graphitizable carbon is very important for the use of LMA10 as reference carbon for the analysis of activated carbons. 
Conclusiones
In summary, a new reference non-porous carbon has been synthesized from olive stones using the old recipe reported by Rodríguez-Reinoso et al. in 1987 [14] . The newly synthesized non-porous carbon LMA10 does not show any step coming from graphite micro-domain in both adsorption isotherms of N 2 and Ar. Then, LMA10 is an ideal reference carbon for porosity evaluation of highly disordered porous carbons with comparison plot analysis. LMA10 exhibits no anomaly even near P/P 0 = 1, guaranteeing the absence of the aggregation of carbon particles. Consequently, it is proposed as the new reference non-porous carbon for the analysis of disordered carbons, with special emphasis in activated carbon, using the comparative t-plot and α s -plot analyses.
